For a long time Asian scorpion Buthus martensi Karsch (BmK) has been used in Chinese traditional medicine to cure many diseases of nervous system. Here we report the purification and characterization of a pharmacologically active neurotoxin from the scorpion BmK. This toxin had little toxicity in mice and insects but was found to have an anti-epilepsy effect in rats, and is thus named as BmK antiepilepsy peptide (BmK AEP). Its amino-acid sequence was determined by lysylendopeptidase digestion, Edman degradation and mass spectrographic analysis. Based on the determined sequence, the gene coding for this peptide was also cloned and sequenced by the 3 H and 5 H RACE methods. It encodes a precursor of 85 amino-acid residues including a signal peptide of 21 residues, a mature peptide of 61 residues and three additional residues Gly-Lys-Lys at the C-terminus. The additional Gly sometimes followed by one or two basic residues is prerequisite for the amidation of its C-terminus. C-terminal amidation was also verified by the molecular-mass determination of BmK AEP. This anti-epilepsy peptide toxin shares homology with other depressant insect toxins. The remarkable difference between them was mainly focused at residues 6, 7 and 39; these residues might relate to the unique action of BmK AEP.
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Scorpion venom is a rich source of polypeptide neurotoxins that affect ion channels specifically; they can be classified into two groups according to their molecular sizes, namely long-chain and short-chain neurotoxins. Among the longchain neurotoxins, some are only toxic to mammals [1, 2] and others are insect-specific neurotoxins [3±5]. Thus, they are called mammalian-specific and insect-specific neurotoxins, respectively. According to the effect on housefly larvae, insect-specific neurotoxins can be further divided into two groups. The depressant toxins induce a slow progressive flaccid paralysis preceded by a short transient phase of contraction [5±7], while the excitatory toxins induce an immediate reversible fast contraction paralysis [5, 8] .
The neurotoxins from the scorpion Buthus martensi Karsch (BmK), a species widely distributed in China, have been studied thoroughly. Up to now, several mammalianspecific neurotoxins, BmK M1, M4, M8 [9±11] and insectspecific neurotoxins, BmK IT [12] and IT2 [13] have been identified. All the cDNAs of BmK M1, BmK M9 [14] and BmK IT [15] have been cloned. Regarding the short-chain neurotoxins, such as BmK P01, P03, and P05 [16] , BmKTX, BmTX1 and TX2 [17] , and Bm-12 [18] , a chlorotoxin-like neurotoxin, their genomic structures have also been elucidated [19±21] .
For a long time, the whole body or tail of the scorpion BmK has been used as a Chinese traditional medicine to cure some neural diseases. Therefore, it is worth searching for some pharmacologically effective components from this BmK venom. For example, an excitatory insect neurotoxin with an analgesic effect on mice was purified and characterized [8] . In the late 1980s, a peptide with an anti-epilepsy effect was found from the same venom, named as BmK AEP, and its partial N-terminal sequence was also determined [22] . This peptide had remarkable inhibitory effect on coriaria lactone-induced epilepsy in rats but little toxicity in mice. In addition, BmK AEP had hardly any effect on heart rate, electroencephalogram and breathing rate, and only a little effect on blood pressure [22] .
In this paper, BmK AEP has been further studied and its anti-epilepsy effect on rat has been confirmed. Its amino-acid sequence has been elucidated with the exception of seven Cterminal residues. On the basis of the determined sequence, its cDNA has also been cloned and sequenced by the RACE method. Its cDNA-deduced sequence shares high homology with those of depressant insect toxins. However compared with others, this peptide has little toxic effect in insects.
M A T E R I A L S A N D M E T H O D S

Materials
The powder of crude venom of scorpion BmK was obtained from a scorpion farm (Xichuang, Henan Province, China).
Sephadex G-50 and CM C-32 cellulose were purchased from Pharmacia (Uppsala, Sweden). Trifluoroacetic acid and acetonitrile for HPLC were from Merck (Darmstadt, Germany), Lysylendopeptidase (Lys-C) from Boehringer Mannheim (GmbH, Germany). 
and other reagents were of analytical grade.
Purification
The crude venom was dissolved in 0.05 m NH 4 HCO 3 buffer and then subjected to a column of Sephadex G-50 fine (1.2 Â 155 cm) equilibrated with the same buffer. Two main peaks were eluted, of which the second peak was subjected to a CM-cellulose C-32 column (2 Â 11 cm), which had been equilibrated with 0.02 m Na 2 HPO 4 / NaH 2 PO 4 , pH 6.4. The breakthrough was pooled and separated further by C-18 RP-HPLC column (0.46 Â 25 cm, Beckman) equilibrated with buffer A, 0.1% trifluoroacetic acid in water. Elution was carried out with a linear gradient of 0±50% buffer B in 50 min. Buffer B was 70% acetonitrile in buffer A. The effluent was monitored by measuring the absorbance at 220 nm.
Toxicity assay
The insect toxicity of BmK AEP was tested on the larvae of housefly Musca domestica as described [5] . The larvae were cultured for 6 days at 25 8C, to a weight of about 40 mg. Purified BmK AEP was dissolved in 0.9% NaCl solution with concentration of 2 mg´mL
21
, and 1 mL was injected into the ventral side of the last abdominal segment of larvae. The symptoms caused by injection of BmK AEP were observed. An excitatory insect toxin BmK IT-AP, causing typical contraction paralysis on larvae, was used as a positive control.
The mammalian toxicity of BmK AEP was tested on male Kunming mice of about 20 g. The purified BmK AEP was dissolved in 0.9% NaCl solution and injected into the cerebral ventricle of mice. The injection volume was 5 mL and the resulting symptoms were observed carefully.
Assay of anti-epilepsy activity
The anti-epilepsy activity of BmK AEP was tested using the coriaria lactone-induced model of epilepsy in rat. Seventeen male Sprague±Dawley rats of about 190±210 g were randomly divided into two groups: the control group (nine rats) and the test group (eight rats). Open-skull surgery was performed on every rat in order to embed two electrodes for electrocorticogram recording and a stainless tube (outer diameter 0.8 mm) for drug injection into the lateral cerebral ventricle. Determination of the anti-epilepsy effect was started one day after the surgery. The rats in the test group were injected with BmK AEP, 0.057 mg´g 21 , while the ones in the control group were injected with the same volume of 0.9% NaCl. After 30 min, all rats were given, intramuscularly, 3 mg´g 21 coriaria lactone (Huaxi Pharmacia Co., Chengdu, China). The behavior of the rats was carefully observed and the latent period, the degree and the duration of epileptic seizures were measured; electrocorticograms were continuously recorded for 3 h using a multiconductive physiology recorder (RM-6000, Nihon Kohden Co., Japan). In addition, every rat was intramuscularly injected with antibiotics on finishing surgery to prevent infection. All experiments were carried out in accordance with the guidelines laid down by the National Institutes of Health in the USA regarding the care and use of experimental animals.
Reduction and S-carboxymethylation
A solution of BmK AEP in denaturing buffer (6 m guanidine-HCl, 0.01 m EDTA and 1 m Tris buffer, pH 8.5) was incubated at 37 8C for 2 h, then a 100-fold molar excess of dithiothreitol over the total disulfide bond content was added, and the tube was flushed with N 2 for 5 min and kept at 37 8C for another 5 h [10] . ICH 2 COOH was added with 2.5-fold dose of dithiothreitol used, the mixture was then kept in the dark for 30 min at room temperature. Finally, the sample was subjected to a RP C-18 column and the reduced and carboxymethylated AEP (Rcm-AEP) was collected and lyophilized.
Digestion with Lys-C
Rcm-AEP and Lys-C were mixed at a ratio of 50 : 1 in the optimal buffer (0.5 mL of 0.05 m NH 4 HCO 3 , pH 8.8) containing 2 m urea. The mixture was incubated at 37 8C for 48 h and then subjected to C-18 RP-HPLC to separate the resulting fragments.
Amino acid-sequence determination
The amino-acid sequences of Rcm-AEP and peptides degraded by Lys-C digestion were determined on a Beckman model LF 3200 peptide/protein sequencer and PTH-analyzer using the program provided by the manufacturer.
Mass spectrometry
The mass spectra of BmK AEP and its degraded fragments were gained using a Finnigan LCQ ion-trap mass spectrometer (ThermoQuest, San Jose, CA, USA) equipped with an electrospray ionization source; spray voltage was 4.50 kV. The heated capillary was maintained at 200 8C; capillary voltage was 30 V. The calculation was performed using the program provided by the manufacturer.
3
H and 5 H RACE
The methods of 3 H and 5 H RACE were used to clone the cDNA of BmK AEP from the total RNA of scorpion BmK. First, total RNA was extracted from the venomous glands of scorpion BmK using TRIzol reagent kit as described [15] . According to the unique sequence of BmK AEP when compared with other depressant insect toxins, a genespecific primer, GSP1, with an EcoRI restriction site as 
R E S U L T S A N D D I S C U S S I O N
Purification
The crude venom of scorpion BmK was separated into two main peaks on the column of Sephadex G-50 fine (Fig. 1A) . The first peak contained many components with molecular mass over 10 kDa, and the second one comprised mainly the neurotoxins with molecular mass around several thousand daltons. About 40% of the neurotoxin fractions flowed through the CM cellulose C-32 column in 0.02 m phosphate buffer, pH 6.4. The breakthrough was separated into more than ten peaks on C-18 RP-HPLC (Fig. 1B) . The fraction of BmK AEP was found in peak 6.
Compared with the old method, this purification procedure was simple and efficient. At the same time, most components with pK below 6.5 were obtained after these three steps with a good yield and purity. The fractions in peaks 1, 2 and 3 were found to be Bm P01, P02 and P03, respectively. The fraction in peak 9 was none other than BmK IT-AP (an analgesic peptide active on mice, another pharmacological component in the same venom) as previously reported [8] (Fig. 1B) .
Bioassay of BmK AEP
Compared with other insect toxins, the toxicity of BmK AEP in insects was very weak. Up to 2 mg BmK AEP did not cause any obvious symptoms in the larvae. As positive control, 0.03 mg of BmK IT-AP could strongly cause a contraction paralysis in a larva immediately. The mammalian toxicity of BmK AEP was also very weak. Up to 20 mg of BmK AEP did not cause death or any noticeable paralysis in a mouse. Typical mammalian toxins, such as BmK M1, could induce paralysis of rear legs first and then the whole body, loss of balance, respiratory abnormalities, incontinence of excretion and, finally, death.
Using the model of coriaria lactone-induced epilepsy in rat, and compared with 0.9% NaCl, BmK AEP could reduce the seizure rate by 50.5% (P , 0.05), prolong the latent period of epileptic seizure to 40.00^10.33 min (P , 0.001), relieve the degree of seizure and shorten its average duration time to 1.06^0.29 min (P , 0.01) ( Table 1 ). All these results indicated that BmK AEP to some extent had an anti-epilepsy activity in rat. As the dose of BmK AEP used in this test was 0.057 mg´g 21 , far below the 20 mg used in the toxicity test, its anti-epilepsy activity should be considered a pharmacological effect.
BmK AEP is the first anti-epilepsy peptide purified from scorpion venom; its action is not unexpected, as scorpions and their tails have been used to cure neural diseases, including epilepsy, for several hundred years. In fact, like other long-chain scorpion neurotoxins, BmK AEP can also act on Na 1 channels, though its activity is very weak, which is in concordance with its weak toxicity on insect (data not shown, M. Pelhate personal communication). But it is not known whether the Na 1 channel is its real target for suppressing epilepsy. The study on the mechanism of its anti-epilepsy effect is now in progress.
Amino-acid sequence of BmK AEP
Rcm-AEP was directly subjected to sequencing; its N-terminal sequence was revealed to the 28th residue. The sequence had high homology with those of depressant insect toxins, so BmK AEP may also belong to this family.
Rcm-AEP was then digested with Lys-C for 48 h; ten peaks ( Fig. 2) were obtained after separation on the HPLC C-18 column. The molecular mass of each fraction was determined by LC-MS (Table 2 ). According to the defined molecular masses, peaks 2 and 5 were found to correspond to fragments of residues 1±11 and 12±23, respectively. Peak 4 was found to be 43 Da larger than peak 2. The same was also found for the other three pairs (peaks 1 and 3, peaks 7 and 9, peaks 6 and 10) whose differences in molecular masses are all 43 Da. This obscurity might be caused by N-terminal blocking of the corresponding peptides via cyanate formation, which always happened when urea was used in the buffer for enzymatic digestion [23] . So, the three peaks with lower molecular masses (peaks 1, 6 and 7) were subjected to sequencing.
Peak 7 was proved to be the fragment of residues 24±39, overlapping with the known N-terminal sequence. Peaks 6 and 1 were located at residues 40±51 and 52±54, respectively, according to the conserved sequence of depressant insect toxins (Fig. 3) .
According to the defined molecular mass, peak 8, corresponding to the fragment of residues 27±39, was believed to be delivered by the nonspecific cleavage of Lys-C of the Arg-Ala peptide bond. Such nonspecific cleavage at the Arg bond was also reported in other cases [24±26] .
With all ten peaks elucidated, BmK AEP was only sequenced to residue 54. According to the determined molecular mass of Bmk AEP (6730.4) and the conserved sequence of other insect toxins composed of 61 residues, the C-terminal part of BmK AEP was apparently missed on the HPLC C-18 column. Most probably, this C-terminal segment was very hydrophilic and flowed through the RP column. In order to complete and confirm our determined sequence, we resorted to gene cloning BmK AEP. Obviously, the present sequence of BmK AEP was little different from the previous one (Fig. 3) . As the N-terminal partial sequence determined early by Zhou et al. was performed by only one step without using the endopeptidase cleavage, the sequence after 40 residues would not be very reliable [22] . Comparing the first 40-residue sequence with ours, there are only two differences in positions 3 and 38. Asp and Val are replaced by Asn and Trp, respectively. As Asn is easily deaminated to Asp, it is not surprising that Asn is often mistakenly identified as Asp in protein sequence determination. While Trp is unstable and the yield of phenylthiohydantoin-Trp is low in the Edman degradation, this residue is also often overlooked. All the molecular masses of the Lys-C-degraded fragments in our experience have been determined, and were consistent with their corresponding sequences. Thus, our determined sequence of BmK AEP should be more reliable; this is further confirmed by the cDNA-deduced sequence. Its open reading frame encoded a signal peptide of 21 residues, a mature peptide of 61 residues and three additional residues GKK at the C-terminus (Fig. 4) .
The cDNA-deduced sequence of BmK AEP was also composed of 61 residues with four disulfide bonds. Its C-terminus was amidated [29] . Its sequence shared highly homology with those of other depressant insect toxins with only three remarkable differences. Residues 6 and 7 of other depressant insect toxins are always basic, while the corresponding positions in BmK AEP are replaced by two neutral residues. Another difference exists at residue 39. In all other toxins, the 39th residue is Gly, while in BmK AEP, this residue is replaced by Lys. It remains to be clarified whether these three differences are related to the low toxicity and an apparent anti-epilepsy effect of BmK AEP in rat.
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